Introduction and aims
Clostridioides difficile infection (CDI) is the main cause of healthcare-associated diarrhea and is the most frequent cause in certain countries. 1 In a 1986 case-control study, the authors reported that 87% of CDIs were hospital-acquired, and 75% of them were in patients in the surgical services. The risk factors included having a previous infection, multiple antibiotic use, especially clindamycin, prior to the appearance of CDI, and prolonged hospitalization. 2 Olson et al. reported that approximately half of the patients with CDI belonged to a surgical service. 3 In recent years, different researchers on surgery described the presence of CDI in surgical patients after colorectal resection (2.2%), with important variations between different surgeons and hospitals, 4 reporting an incidence of 1.8% after ileostomy. 5 The burden of CDI in surgery has been reported in different countries: 21,371 general surgery patients (0.47%) in the United Kingdom; 19 out of 4,720 patients (0.4%) in Korea; 143,652 surgical procedures (0.28%) in Japan; and 2,581 out of 349,122 patients (0.75%) in the United States, as well as 35 ,363 patients (0.51%) after 40 types of surgery in 52 hospitals. 6---10 The real burden of CDI in hospital surgical areas is not specifically described in the majority of reports published on C. difficile, but that does not mean those patients were not affected by the pathology.
In the relation between prophylactic antibiotic administration in surgical patients to its association as a risk factor for developing CDI, there is also an increased risk for infection due to the hypervirulent C. difficile NAP1/027 strain. 11, 12 
Aim
The aim of the present study was to analyze the risk factors for acquiring CDI in patients hospitalized in the surgical services at the Hospital Civil de Guadalajara Fray Antonio Alcalde.
Materials and methods

Study site
The present study was conducted at the Hospital Civil de Guadalajara Fray Antonio Alcalde, a tertiary care university hospital with 890 long-stay hospital beds, located in Guadalajara, Jalisco.
Study design
The case-control study was carried out within the time frame of December 2013 to September 2016. A prospective followup was conducted on all cases of diarrhea found at our hospital. The study focused on patients in the surgical wards, 
Definitions
Healthcare-associated diarrhea was defined by the presence of stools with a consistency matching the Bristol scale type 5 to 7, with 3 or more bowel movements in 24 h, after 48 h of hospital admission (Mexican Official Norm NOM-017-SSA2-2012, for epidemiologic surveillance). CDI was defined as healthcare-associated diarrhea with a positive PCR analysis for C. difficile.
Statistical analysis
Specific univariate descriptive statistics for the surgical services were carried out, including the epidemiologic and clinical characteristics of the study population. The dichotomous variables were expressed as frequencies and percentages, and the quantitative variables as medians and ranges. The bivariate comparison analysis between groups was performed using the chi-square test for the qualitative variables and the Mann-Whitney U test for the quantitative variables. The risk factors were determined by submitting the variables with a probability of 0.20 or lower, which were then adjusted to a linear regression model. The SPSS version 22.0 was utilized to carry out the statistical analysis and statistical significance was set at a p < 0.05.
Ethical considerations
The present study was approved by the Research and Ethics Committee of the Hospital Civil de Guadalajara. All patients signed statements of informed consent and patient data remained confidential and anonymous, following the protocols of our work center.
Results
The majority of the 123 surgical cases with CDI were in the services of neurosurgery, cardiac surgery, orthopedics, and general surgery. Eighty-five percent of all the surgical cases in those services were registered with diarrhea and negative PCR testing, and 86% were registered with no diarrhea (Table 1) . A total of 123 surgical cases with CDI were detected, along with 301 surgical cases with diarrhea and a negative PCR analysis, and 255 surgical cases with no diarrhea ( Table 2 ). The presence of leukocytes (≥12,000 cell/mm 3 ), albumin (under 3 g/dl), hospitalization (more than 7 days), hospitalization within the last 12 weeks, immunosuppressant use, antibiotic use, and meropenem and fluconazole use were more frequent in surgical patients with CDI than in surgical patients with no diarrhea (p < 0.001). In addition, the presence of leukocytes in stools was more frequent in surgical patients with CDI than in surgical patients with diarrhea and a negative PCR test (p < 0.001) ( Table 2) .
Surgical patients with CDI with the C. difficile NAP1/027 strain had higher levels of bloody stools (p = 0.042) and greater use of immunosuppressants (p = 0.021) and amikacin (p = 0.035) than the surgical patients infected with other C. difficile ribotypes (Table 3 ).
In the multivariate analysis, the presence of mucus in stools (p = 0.001), fever (p = 0.011), leukocytes in stools (p < 0.001), hospitalization within the past 12 weeks (p < 0.001), antibiotic use (p = 0.023), and ceftriaxone use (p = 0.01) were independent risk factors for developing CDI. Tigecycline use was greater in the surgical controls with diarrhea and a negative PCR analysis (p = 0.011) ( Table 4 ). 
Discussion
CDI is mainly associated with healthcare services that affect the adult population in both the medical and surgical services. The authors of a recent study stated that 36% of CDI cases in 2015 were patients with a history of surgery, 7% of which were abdominal surgeries. 13 In our study, the patients hospitalized in the surgical services, especially in neurosurgery, were documented as having a high risk for developing CDI, as reported in the literature.
Surgical patients are susceptible to exposure to the risk factors described for the development of CDI in the adult patient, which are prophylactic antibiotics, older age, a higher number of immunosuppressed patients requiring transplantation, orthopedic procedures for prosthesis placement, and intestinal surgery. 2,14---18 The 027 strain is linked to different results in patients with CDI. According to the results of a Canadian multicenter study that included 12 hospitals, the authors found that the percentage of affected patients coming from surgical services was below 32.9%, compared with the 56.1% from the medical service wards. It should be mentioned that, for their study, the C. difficile 027 strain was already circulating. 15 For example, in a study that included 134 hospitals and 468,386 procedures, in which CDI was looked for after a surgery, a CDI rate of 0.4 per year was found, with differences between hospitals (rates from 0.04 to 1.4%) and between surgical specialties (from 0.0 to 2.4%). The risk factors in that study population were: advanced age, hospitalization after surgery, and treatment with > 3 antibiotics. 16 Knowledge of the particular risk factors for the surgical patient is crucial for early diagnosis, adequate treatment, and prevention.
The problem of the association between the patient undergoing neurosurgery and CDI was recently reviewed. Those patients are often admitted to the intensive care unit for close surveillance due to the diversity of complications that can present and are exposed to the risk of developing healthcare-associated infections. A total of 1.9% of patients have been reported to develop CDI after subarachnoid hemorrhage. 19 As in our study, patients in cardiac surgery services are affected by CDI. They frequently present with concomitant diseases, receive antibiotics for long periods of time, are admitted to a specialized intensive care unit, and undergo procedures with multiple instrumentation. Incidence of CDI development in patients in cardiac surgery has been reported at 0.75%. 9 Surgical patients in the orthopedics service are at risk for acquiring CDI due to underlying disease and prolonged preoperative hospital stay. In our study, those patients were documented as susceptible to developing CDI. An increase in CDI and prophylactic strategies employing amoxicillin combined with clavulanic acid in orthopedic services was an effective decision for reducing the mortality rate by 80% in cases of CDI. 20 Despite the fact that CDI is an emergent infection, according to the U. S. Centers for Disease Control (CDC), little is known of its epidemiology in the surgical services in Mexico. In previous studies on Mexican patients with CDIinduced diarrhea, the problem was not specifically examined in surgical patients. 21---25 Compared with reports in the medical literature, our surgical patients with CDI had a higher frequency of leukocytes in stools than the surgical patients with negative PCR (69.9 versus 47.8%). The search for leukocytes in stools is not recommended, given that it has 30% sensitivity, 74.9% specificity, 13.2% positive predictive value, and 89.3% negative predictive value, compared with the enzyme immunoassay for toxin A or B, signifying that a patient with CDI can mistakenly go untreated if the fecal leukocyte test is negative. 26 Antibiotic use was shown to be a risk factor for acquiring CDI (p = 0.023) in our study, and the risk was greater if the antibiotic was administered for more than 5 days (p = 0.006). In addition, ceftriaxone was found to be a risk factor for developing CDI in the surgical services (OR: 1.46, p = 0.010). Those findings have been well-studied and there are programs on adequate antibiotic use in surgical services to control CDI. Not using preoperative prophylaxis with antimicrobials, eliminating the use of antibiotics that are high-risk for CDI, and using low-risk antibiotics, such as amoxicillin with clavulanic acid, has been proposed. 12, 20, 27, 28 A common finding has been the use of proton pump inhibitors, which in our study were administered in 90.2% of the surgical cases of CDI versus 78.8% of the controls-2 (p = 0.006), suggesting that the use of H2 antagonists or proton pump inhibitors should be reduced. 6, 8, 29, 30 The above-stated results on risk factors could be considered comparable to those from a study on a Mexican population with CDI by Pérez-Topete et al. They reported the previous use of antibiotics (83%) and the use of PPIs (54%), as the main risk factors for CDI. The most commonly used antibiotic in their study was ciprofloxacin. However, they did not discriminate between community-acquired CDI and hospital-acquired infection and the sample size was small (n = 55). 31 Education, especially about the risk factors for CDI, is important for controlling said nosocomial infection. Implementing programs for adequate antimicrobial use (Antimicrobial Stewardship) in surgical services to control CDI is frequently discussed. 32 In addition, there are numerous guidelines that provide recommendations for the prevention and control of CDI. In 2007, in the United Kingdom, the ''High Impact Intervention No. 7'' care bundle came out and its measures, such as rational antimicrobial use and contact precautions as basic strategies, were later reiterated in European and U.S. guidelines. 33 The participation of surgical services is indispensable for implementing strategies to combat CDI, such as early surgical management, adequate application of antimicrobial prophylaxis in surgery, and consensus guidelines on the diagnosis and management of CDI in their communities. 34---38 Several Mexican authors have commented on the above in in an attempt to raise awareness, and different articles have stressed the obligation physicians have to increase their knowledge of CDI and practice strict surveillance of the high-risk population. In other words, it is time for us to be concerned about C. difficilein Mexico. 39 Among the limitations of the present study was the lack of cultures for C. difficile, the limited use of colonic imaging, colonoscopy, and autopsies. Another limitation was not knowing the etiology of hospital-acquired diarrhea that was negative for C. difficile and that could have been secondary to other conditions, such as osmotic diarrhea (caused by tube feeding) or drug-induced diarrhea.
Conclusions
In conclusion, patients hospitalized in the surgical services of our hospital, especially in neurosurgery, presented with a high risk for developing CDI. The present study confirmed previous antibiotic use, antibiotic use longer than 5 days, ceftriaxone use, and prior hospitalization as risk factors for acquiring CDI.
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